Introduction
Systemic sclerosis (SSc) is a rare autoimmune disease of unknown aetiology. It is more common among women and some ethnic minorities [1] , with a prevalence varying be-tween 31 and 277 per million in Europe [2] . Three main features characterise the pathogenesis of SSc: fibroblast dysfunction resulting in fibrosis, vasculopathy and the production of autoantibodies against various cellular antigens [3] . The disease's three main clinical expressions are limited cutaneous systemic sclerosis (lcSSc), diffuse cutaneous systemic sclerosis (dcSSc), and systemic sclerosis without scleroderma. Each is characterised by different clinical manifestations and the production of different antibodies [4] , representing a major diagnostic challenge to physicians. The gold standard classification criteria are the 2013 American College of Rheumatology (ACR) / European League Against Rheumatism (EULAR) criteria [5] .
Although the aetiology of systemic sclerosis is not yet completely understood, it is now admitted that it is a multifactorial disease involving a gene-environment interaction [6] . Indeed, several environmental factors are suspected of contributing to the disease's development, including infectious diseases (Helicobacter pylori, cytomegalovirus…), smoking and certain drugs (bleomycin). Epidemiological studies have also identified several occupational factors, such as exposure to silica, solvents or vibration [7] [8] [9] [10] . Although SSc is not currently on the list of occupational diseases recognised by the International Labour Organization [11] , recent studies have led several European countries to include SSc in their lists of compensable occupational diseases [12] or at least to begin discussing its addition to those lists [13] .
The present article aims to demonstrate which patients are likely to have SSc recognised as an occupational disease and to describe the main types of occupational exposure related to systemic sclerosis, with reference to Switzerland's occupational disease recognition system. To achieve these aims, we present the cases of five patients with systemic sclerosis who were referred for occupational pathology consultations at the Institute for Work and Health (IST). After reviewing the recent literature, we summarised the possible conditions necessary for patients in Switzerland who have systemic sclerosis to be recognised as having an occupational disease. We also identified the red flags that physicians should look out for to identify eligible patients.
Materials and methods
We report on five patients referred for occupational pathology consultations between 2011 and 2017 by their physicians. They were all suffering from systemic sclerosis, with features matching the 2013 ACR/EULAR criteria, and had a suspected occupational exposure to solvents and/ or silica. In each case, the consultation was followed by a literature review to determine whether there was enough support to declare the patient's case to his or her occupational health insurance company. We present a synthesis of the relevant literature published in the last 20 years. The search was performed using the PubMed database for articles published between January 1997 and October 2018 with the terms "scleroderma", "systemic sclerosis", "occupation", "occupational exposure", "solvent", "organic sol-vent", and "silica". The first search found 453 articles. After the exclusion of publications in languages other than French or English, and non-pertinent articles after reviewing their titles, 109 articles were selected. We then performed an abstract review and a bibliography review, and after excluding case reports and animal studies, 68 articles were selected for a full article review. Figure 1 summarises the article selection procedure.
Based on the literature review, we established a list of red flags which physicians could use to identify patients who had suffered occupational exposure to silica or a solvent.
Results

The cases
Five patients suffering from systemic sclerosis were referred for an occupational pathology consultation between 2011 and 2017. Table 1 summarises their main characteristics.
Case 1
A 62-year-old woman was referred for an occupational pathology consultation at the IST in 2011 after having been diagnosed as suffering from lcSSc five years before, when she was 57. She had worked as a hairdresser for 2 years, from age 16, where she permed, dyed and highlighted hair. She subsequently worked for 1 year as a pharmaceutical industry laboratory assistant, although she could not recall any specific exposure, and then as a salesperson in a dairy for another year. She then worked in a match factory for 12 years and may have been exposed to paraffin wax. Her most relevant occupational exposure occurred during her next job as a laboratory technician, where she regularly used about 2 L of organic solvents (methanol, toluene, chloromethane, and chloroform) per day for 14 years while carrying out chromatography analyses. There was no proper ventilation in the laboratory for the first 2 years. She described dizziness and nausea on workdays, especially in the afternoons or evenings. A team of occupational hygienists from the IST performed an experimental exposure simulating the patient's description of her main activity. The simulation monitored the concentrations of methanol and toluene in a closed room as the contaminants evaporated from a glass beaker. The results confirmed significant exposure to solvents; however it was under the 8-hour exposure limit.
The patient finally worked until she was 61 years old without further significant exposure. Thus, she was probably exposed to organic solvents for 14 years (including 2 years involving significant exposure) and to hair dyes for 2 more years. The diagnosis of SSc was made 27 years after her first exposure to solvents, and her first symptom clearly related to SSc was Raynaud's phenomenon, which appeared 10 years after the first exposure. The Swiss National Accident Insurance Fund (SUVA) recognised this patient's SSc as an occupational disease after considering her exposure to solvents.
Case 2
A 51-year-old man was referred for an occupational pathology consultation in 2012. He had been diagnosed with dcSSc at the age of 50. He had worked as a salesperson in a tool shop for 4 years and then done 2 years of military service without significant exposure. He then worked as a sanitary and heating technician for 11 years, mainly installing water pipelines but also using a jackhammer to make holes in walls, comprising about one third of his working time. He also degreased pipes using various organic solvents and sometimes welded them. He was therefore likely to have been exposed to silica, asbestos and vibration, and to a lesser extent to solvents and welding fumes. He subsequently worked as a foundry worker for 16 years. For 4 years, he worked exclusively on straightening and cleaning foundry pieces using trichloroethylene. For 9 years, he continued in that role for one third of his working time and spent the other two thirds of this working time sandblasting. He described using personal protection equipment (anti-dust mask, leather gloves, and earplugs) sporadically. After the consultation, a workplace visit to the foundry by an occupational physician and industrial hygienists concluded that there was significant exposure to silica and trichloroethylene. Throughout his career, he was therefore probably exposed to silica for 23 years, to organic solvents (mainly trichloroethylene) for 13 years, and to epoxy resins and vibration for 11 years. The first clinical manifestation of SSc appeared 23 years after the first significant exposure and the diagnosis was made after 27 years. The patient was still exposed at the time of diagnosis. SUVA refused to recognise this patient's dcSSc as an occupational disease.
Case 3
A 38-year-old patient was referred for an occupational pathology consultation in 2015 after he had been diagnosed a few months previously with an overlap syndrome with clinical features of SSc, Sjögren syndrome and rheumatoid arthritis. He had first worked for 6 years as a sanitary and heating technician, and then for 5 as a sanitary and heating business manager. He subsequently worked as a waterproofing specialist for 7 years, until he was 37, when he stopped because of his medical condition. During this period, he polished surfaces with a grinder or a polishing machine for thre -quarters of his working time. He rarely did sanding operations, but prepared and applied epoxy resin. He also had to clean tools and surfaces, mainly using about 2 L of toluene and 1 L of acetone per working day, sometimes in confined workplaces. After the consultation, a workplace visit by an occupational physician and industrial hygienists discovered significant exposure to toluene, silica and epoxy resins. The patient had therefore been significantly exposed to silica and organic solvents, mainly toluene and acetone, with 7 years of continuous exposure followed by 6 years of intermittent exposure. He was also exposed to epoxy resin for 7 years. The first clinical manifestations of an autoimmune disease appeared 7 years after his first recognised exposure, and a diagnosis of SSc was made 1 year later. SUVA recognised this patient's SSc as an occupational disease after considering his occupational exposure to solvents.
Case 4
A 51-year-old patient was referred for an occupational pathology consultation in 2017 after he had been diagnosed with dcSSc 2 years earlier. He initially worked for 16 years for the same employer as an apprentice bricklayer, then as a bricklayer, and finally as foreman. After that, he worked in two other places as a construction foreman, for 4 years and 10 months, respectively. During these periods, he was probably exposed to silica dust and possibly to organic solvents, even though it could not be established which solvents or at what intensities of exposure. Between 2002 and 2006, he worked as a logistician and maintenance technician and was exposed intermittently to silica. Since 2007, he had worked as a paramedic without any relevant exposure. Over his whole career, he was exposed to silica for 21 years and then intermittently for 5 years. He was exposed to solvents intermittently for 21 years, and to epoxy resins for 4 years. The first clinical manifestation of SSc appeared 34 years after his first exposure and 8 years after his last exposure to silica, and the diagnosis was made one year later. SUVA refused to recognise this patient's condition as an occupational disease.
Case 5
A 56-year-old patient was referred for an occupational pathology consultation in 2017 after he had been diagnosed with lcSSc at the age of 26 years. In the 30 years preceding the consultation, he had had no medical followup. Thirty-six years previously, he had worked as a cabinetmaker for 3 years, and he reported daily exposure to paints, including some containing lead and organic solvents. He was also exposed to wood dust during this period. He was unable to remember the names of the different products. He subsequently worked as a painter and decorator, and described exposure to paint (synthetics, acrylics), large amounts of solvents (especially turpentine spirits), and maybe to asbestos and silica, although to a lesser extent. The diagnosis of SSc was made 2 to 4 years after his first exposure to solvents. The patient was not given a recommendation to seek recognition of his lcSSC as an occupational that the patient had used, the unusually short latency, the lack of any medical follow-up that might describe the disease's evolution, and the fact that, as he was selfemployed, he had not been covered by an insurance policy for occupational diseases.
Literature review of occupational factors for systemic sclerosis
Silica
An association between occupational exposure to silica dust and SSc has been suspected since 1914 [14] . Since then, more and more epidemiological studies have confirmed this association, including 12 in the last 20 years. Among the eight case-control studies we analysed for this review, six found a statistically significant excess of risk, with odds ratios (ORs) ranging from 1.39 to 10.4 [15] [16] [17] [18] [19] [20] [21] [22] . Three of four cohort studies showed positive relative risk (RR) ranging from 7.4 to 37 [23] [24] [25] [26] . These studies considered patients from the USA or Europe. A recent metaanalysis by Rubio et al. [27] analysed these studies plus 10 other older studies, including grey literature. All the studies examined had a quality score above five on the Newcastle-Ottawa Scale, allowing the authors to conclude that the combined risk of the 15 Figure 2 summarises these results.
The strong statistical associations found in these epidemiological studies are not the only arguments for a causal relationship. Indeed, some of these studies have found doseresponse gradients [7, 19] , and data from experimental studies argue for the biological plausibility of a relationship [29, 30] . We did not find enough data in the literature to assess exposure duration or exposure intensity thresholds. In fact, a relationship was found even for exposure durations shorter than 6 years [29] . It is also interesting to add that a review by Freire et al. [30] described the main clinical difference between SSc patients with or without exposure to silica. Patients exposed to silica tended to be male, had a diffuse form of SSc, showed Scl70 antibodies and suffered more often from interstitial lung disease [30] .
Solvents
Solvents are one of the most frequent chemical occupational exposures [31] . Associations between occupational exposure to solvents and systemic sclerosis have also been studied for decades. Indeed, after the first description in 1957 [32] , numerous epidemiological studies have reported that solvent exposure may cause SSc. Nine case studies [15, 16, 18, 19, [33] [34] [35] [36] [37] and five meta-analyses [27, [38] [39] [40] [41] examining this association were identified in our literature review. Seven of the nine case-control studies published in the last 20 years showed significant associations, with ORs ranging from 1.7 to 3.2 [15, 16, 18, [33] [34] [35] [36] .
The meta-analysis by Aryal et al. [38] included seven casecontrol studies and one cohort study, and had an overall RR of 2.91 (95% CI 1.60-5.30). According to the authors, it showed significant heterogeneity, which was attributed to the design of the studies. In 2007, Kettaneh et al. [39] published another meta-analysis of 11 reports covering a total of 1291 cases drawn mainly from European countries (8 out of 11) and found an overall OR reaching 2.41 (95%CI 1.73-3.37). The risk of SSc among men exposed to solvents was found to be higher among men exposed to sol-vents than among women (p = 0.03). In 2012, Barragan et al. [40] also conducted a meta-analysis dealing with the association between organic solvent exposure and autoimmune disease. Figure 3 summarises all these results. Interestingly, the results found by Kutting et al. [37] contrasted with the other studies. This can be explained by the fact that their study compared patients who had SSc with patients who had multiple sclerosis, which is also an autoimmune disease with implied environmental factors. One might therefore wonder whether the exposures examined in that study could also be involved in the development of multiple sclerosis, which might explain the OR below one.
Some of these studies tried to examine specific solvent exposures [16, 19, 33, 36, 41] . The meta-analysis performed by Zhao et al. [41] also included a subgroup analysis which showed significant associations between SSc and several specific solvents: aromatic solvents, with an OR of 2.07 (95% CI 1.21-6.09); trichloroethylene, with an OR of 2.07 (95% CI 1.34-3.17); halogenated solvents, with an OR of 1.49 (95% CI 1.12-1.99); and ketones, with an OR of 4.20 (95% CI 2.19-8.06). Most of these studies did not take into account the levels and durations of exposure, and we did not find enough data to assess an exposure threshold in terms of duration or intensity. Marie et al. [42] showed that exposure to solvents could be a predictive parameter of SSc severity. Patients exposed to solvents showed significantly higher rates of the diffuse form of SSc, digital ulcers, interstitial lung disease, myocardial dysfunction and cancer [42] . The same study described how patients exposed to solvents showed more Scl70 antibodies than controls. Even though the biological mechanisms that trigger SSc in a solvent-exposure scenario remain unclear, several studies have suggested its biological plausibility [8, 43, 44] . 
Epoxy resins
Epoxy resins are mainly used in construction, and exposure has been considered a risk factor for SSc since 1980 [45] , although only a few studies have examined the association. For this review, we analysed two case-control studies [16, 19] and one meta-analysis [27] . Diot et al. [16] published a case-control study involving 80 SSc patients, 6 of whom had been exposed to epoxy resins, with an overall OR of 4.24 (95% CI 1.03-17.44). Marie et al. [19] reported only one case of exposure to epoxy resins, failing to find a significant association with SSc, and with an OR of 3.03 (95% CI 0.02-12.6). Rubio et al. [27] reported the first meta-analysis on the association between SSc and epoxy resin exposure. They considered four case-control studies and found a significant overall association, with an overall OR of 2.97 (95% CI 2.31-3.83), an OR for women of 1 (95%CI 0.02-12.72) and an OR for men of 2.92 (95% CI 2.26-3.78). Figure 4 summarises these results.
Welding fumes
Welding activities generate fumes that are a complex mixture of potentially harmful particles and gases. The composition of welding fumes may include a variety of metal compounds (e.g., iron, chrome aluminium, arsenic, beryllium, lead and manganese) and gases (argon, nitrogen, carbon dioxide, carbon monoxide and hydrogen fluoride gases). In the last 20 years, four case-control studies [16, 18, 19, 37] and one meta-analysis [27] have investigated the association between welding fumes exposure and SSc. Among the case-control studies, only two found significant results. Using 80 cases and 160 controls, Diot et al. [16] calculated an OR of 3.74 (95% CI 1.06-13.18) and more recently, with 100 cases and 300 controls, Marie et al. [19] calculated an OR of 2.60 (95% CI 1.15-5.81).
In 2017, Rubio et al. [27] examined the same four studies in a meta-analysis, reporting an overall nonsignificant OR of 1.02 (95% CI 0.78-1.78), a significant OR for men of 5.87 (95% CI 2.26-3.78) and a nonsignificant OR for women of 1.52 (95% CI 0.36-6.49). These results, summarised in figure 5 , suggest a potential association between exposure to welding fumes and SSc among men.
Other occupational exposures
Several other occupational chemical exposures, such as pesticides, have also been suspected to induce SSc. In the last 20 years, however, two case-control studies failed to find a significant association [18, 19, 27] . Based on these studies, and a third older case-control study, a recent metaanalysis [27] did not find a significant association, with an OR of 1.02 (95% CI 0.78-1.32). A few studies have also analysed the link between hair dyes and SSc, but without significant results [18, 19, 27] .
Vinyl chloride disease and toxic oil syndrome have many clinical similarities to SSc [10, 27, [46] [47] [48] , but because of their important clinical and biological differences, they should be considered more as SSc-like disorders [27] .
Occupational chemical exposures were not alone in being suspected of inducing SSc. Indeed, hand-transmitted vibration is associated with an increase in the signs and symptoms of neurological and vascular disorders [49, 50] . The Raynaud phenomenon is, for example, a symptom associated with hand-arm vibration exposure [50] and it is often one of the first clinical manifestations of SSc [3] . However, the possible relationship between hand vibration exposure and SSc is still being discussed. A recent review published by Wang et al. [49] combined the data from five studies with nonsignificant results and obtained a nonsignificant OR of 2.4 (95% CI 0.4-14.0).
Red flags for physicians
The diagnosis of a disease's occupational origin can be a challenge for the physicians in charge of follow-up care. Indeed, establishing an occupational history is time-consuming, and requires specialised knowledge and skills in occupational medicine. Even with these skills and knowledge, it is hard to interpret individual cases in the light of the literature alone and to decide whether those cases meet the criteria for recognition as an occupational disease. To help physicians detect which patients with SSc could have undergone significant occupational exposure (silica and solvents), we have established a list of red flags. The questions about silica exposure come from a standard questionnaire used for the diagnosis of occupational pulmonary diseases [51] and the questions about solvent exposure were identified in the various cases of occupational exposure considered in the studies [18, 19, 36] described in the present article. Table 2 summarises these questions. 
Discussion
Arguments for recognising an occupational disease
Switzerland's occupational disease recognition system
Switzerland's occupational disease recognition system is founded on a law and ordinance that together define a list of occupational exposures and resultant diseases that are eligible for recognition. If the patient's exposure or disease is included in this list, recognition is possible if this disease can be proven to have been caused predominantly by the pursuit of an occupational activity. In other cases, where exposures or diseases are not on the recognised list, the disease must be proven to have been caused wholly, or clearly predominantly, in the pursuit of an occupational activity. SUVA has issued recommendations on the interpretation of the law for multifactorial diseases. An occupational exposure will be accepted as the predominant cause or the overwhelming cause of the disease if the scientific literature demonstrates that its attributable fraction of risk is above 50% (the RR in the literature is >2) or 75% (RR >4), respectively. This result came from the attributable fraction estimated by Miettinnen [52] . Occupational diseases, therefore, must be distinctly or uniquely linked to a particular type of workplace exposure.
These criteria are used by SUVA's occupational medicine department to make decisions on injured or sick workers insured with them, or when private insurance companies seek their advice. There are multiple benefits for patients whose diseases are recognised as being of occupational origin. First, medical care or treatment will be paid for entirely by the insurance company (SUVA or private insurance companies) with no extra financial cost to the patient. They will also benefit from further measures, such as insurance pensions for a maximum of 3 years, if their disease prevents them from working. The general impact of disease recognition in terms of visibility, disease prevention, and employee protection is also very important. When a particular substance is recognised as being related to an occupational disease, there is greater incentive to find an alternative substance or to implement a regulatory measure to reduce workers' exposure.
The current situation surrounding systemic sclerosis
Currently systemic sclerosis is not on the list of recognised occupational diseases in Switzerland. Silica exposure is the most commonly discussed risk in the literature, yet it is not even on the accident insurance ordinance's list of occupational exposures. Despite the significant associations found in case-control studies, SUVA's criterion for recognition (the OR has to be >4) is only met when cohort studies are considered. Given that silica is associated with several different diseases including silicosis, lung cancer and rheumatoid arthritis [13, 53] , it is surprising that silica itself is not on the list of occupational exposure substances. It is also important to point out that according to SUVA's factsheet [53] , Erasmus syndrome -described as an association between silicosis and systemic sclerosis or an association between silicosis and mixed connective tissue disease -is considered an occupational disease. In light of all these elements, we suggest that SSc should be recognised as an occupational disease in any context involving exposure to silica, even in the absence of silicosis. Although accident insurers may suggest changes to the list, it is ultimately the Federal Council that makes the final decision. However, the exposure threshold, in terms of duration and quantity, and the latency for the development of systemic sclerosis are not yet accurately known.
Several organic solvents can be found on the occupational exposures list. The overall OR for organic solvent exposure varied between 2.01 and 2.91, depending on the metaanalysis [27, [38] [39] [40] [41] , and reached 5.28 for men in the recent meta-analysis by Zhao et al. [41] . However, nearly all of these results concerned case-reports alone. Following the subgroup analysis carried out by Zhao et al. [41] , a significant association with an OR >2 was considered for trichloroethylene, which is on the list. Zhao et al. [41] also reported a significant association between SSc and ketones, with an OR >4. Consequently, SSc following a significant exposure to one of these solvents could also be eligible for recognition, especially for men. Results for the other solvents are currently not sufficient proof for recognition; thus, it will be necessary to continue research in this field to produce more subgroup analyses and to better evaluate for specific solvents. It could also be interesting to launch cohort studies to strengthen evidence of the causal link between solvents and systemic sclerosis and to assess exposure thresholds and disease latency.
Epoxy resins are also on the list of occupational exposures, and the most recent meta-analysis [27] calculated an OR >2, a result that could enable recognition of SSc induced by epoxy resin exposure as an occupational disease. However, the data are based only on case-control studies and the number of cases is still low. More results are therefore needed before a definite conclusion can be drawn.
Welding fumes are not currently on the list of recognised exposures. In the latest meta-analysis [27] , the overall OR was <4, although with an OR for men of >5 it could be eligible for recognition as an occupational disease. However, as with epoxy resins, there are only a few case-control studies, and more studies are needed. Table 3 summarises the different occupational risks eligible for recognition.
It seems important to highlight that for the exposures considered in this article, with the exception of pesticides, that although SSc is more prevalent among women, the ORs are higher among men. This constitutes a prime argument to strengthen referrals to the Swiss National Accident Insurance Fund when men are affected.
Finally, among the five patients who came for a consultation at the IST, four were considered eligible for recognition owing to their exposure to silica, solvents or both, and two of them were given positive answers from SUVA, both for exposure to solvents. None of the patients exposed to silica alone obtained recognition for an occupational disease, despite the arguments of IST's occupational physicians.
Limits of the paper
We did not perform a systematic literature review, nor did we perform a quality analysis and classification of the articles selected. We limited ourselves to articles published over the last 20 years and this choice could be criticised as occupational exposure's potential role in systemic sclerosis was first described in 1914 [14] . Most of the studies included are retrospective and can lack detailed exposure information. Moreover, it remains very difficult to assess exposure levels and to define thresholds, in either time or quantity of exposure. It is also difficult to establish latency between initial exposure and the first symptoms of the disease. Systemic sclerosis is a rare disease, and positive associations have been established mainly in case-control studies with only a few cohort studies. This makes a causal link between SSc and some less frequently reported exposure scenarios (e.g., with epoxy resins or welding fumes) difficult to prove.
Conclusion
The recent literature has found strong associations between occupational exposure to silica and solvents and the development of systemic sclerosis. We believe that physicians should suggest that patients with proven occupational exposure to relevant contaminants should declare systemic sclerosis as an occupational disease to their health insurance company and to the Swiss National Accident Insurance Fund. Thus it is essential for physicians to screen patients with SSc for relevant exposure, for several reasons: first, physicians should consider the potential insurance benefits that recognition would bring the patient, and second, screening can help to identify cases where patients suffering from scleroderma should be assigned a safer workstation or job. Our list of red flags could be used during a consultation for SSc to identify those patients who should make an occupational accident declaration to their insurance company and perhaps be referred for an occupational disease consultation. The question of exposure thresholds and latency will probably be important avenues for future research and will hopefully be addressed in upcoming publications. However, we conclude that updating Switzerland's list of occupational diseases and exposures seems entirely justified with regard to the recognition of systemic sclerosis as an occupational disease for patients with proven occupational exposure to silica.
